Objective : Because of the complex anatomical association among vascular, dural, and bony structures, paraclinoid internal carotid artery (ICA) aneurysms remain a major challenge for vascular neurosurgeons. We studied the clinical outcomes of 61 paraclinoid ICA aneurysms after microsurgical clipping in comparison with endovascular coiling.
INTRODUCTION

MATERIALS AND METHODS
Sixty
The medical records were also reviewed for history of intervening hydrocephalus and vasospasm. All patients underwent computed tomographic (CT) angiography or digital subtraction angiography (DSA) before the operation, and actual aneurysm morphometry was measured.
Microsurgical treatment
Initially, all patients underwent neck dissection in order to expose the cervical ICA. The orbito-zygomatic approach (OZA) was used in most patients.
The anterior clinoid process (ACP) was removed extradurally and/or intradurally, and the sphenoid ridge was flattened until the lateral edge of the superior orbital fissure (SOF) was reached. The roof of the optic canal and most of the optic strut was removed for adequate exposure of the proximal neck of the aneurysm and for intracranial proximal control of the ICA.
All paraclinoid ICA aneurysms were completely obliterated by direct clipping without bypass. Microsurgical clipping was considered if preoperative angiogram showed that the ophthalmic artery was incorporated from the aneurysm neck, aneurysm had a broad-neck, or if an endovascular approach was otherwise technically not feasible.
Endovascular treatment
All procedures were performed under general anesthesia.
Heparinization was only started in unruptured aneurysms with a loading dose of 3000 IU and was main- 
Statistical analysis
The Wilcoxon rank sum test and Fisher's exact test were used for analysis of differences between the two groups. A p value < 0.05 was considered significant.
Analyses were performed using statistical analysis 
RESULTS
A total of 61 patients underwent surgical clipping or endovascular coil embolization. Of these, 30 aneurysms were clipped, and the remaining ones were embolized. Among them, 52 patients were female and nine patients were male. The mean age was 54 years (27-81 years). The mean aneurysm diameter was 6.5 mm in the greatest dimension. Forty five patients had small aneurysms (< 7 mm), eight patients had medium (7-12 mm), seven patients had large (13-24 mm), and one patient had a giant (≥ 25 mm) aneurysm (Table 1) . Twelve patients had a subarachnoid hemorrhage (SAH) due to aneurysm rupture. In patients with unruptured aneurysms, initial symptoms were headache (n = 46), decreased visual acuity (n = 2), and cavernous sinus syndrome (n = 1). Most patients were in good clinical condition before the operation and had favorable outcomes. Five patients suffered vasospasm, and six patients showed hydrocephalus after surgical clipping (Table 1) .
Surgical clipping group
In the clipping group, the mean age was 49.77 ± 10.84 years, and the mean aneurysm diameter was 6.17 ± 5.09 mm in the greatest dimension (range 3-20 mm), except one patient with a giant aneurysm of 60 mm in the greatest dimension. Twenty four patients were female, and six patients were male. SAH with a ruptured paraclinoid ICA aneurysm was observed in Excluding one patient with an exceptionally large aneurysm diameter (60 mm) GCS = Glasgow coma scale; mRS = modified Rankin scale; H-H = Hunt-Hess grade scale 
Endovascular coiling group
In the coiling group, the mean age was 58.16 ± 10.61 years, and the mean aneurysm diameter was 5.45 ± 2.50 mm (ranged 3-13 mm). Twenty eight patients were female, and their mean GCS was 14.90 ± 0.30.
Only one patient had SAH due to a ruptured aneurysm. After endovascular coil embolization, none of the patients had hydrocephalus or vasospasm (Table 2) . Cerebellar hemorrhage was found in one patient, which resolved without neurological sequelae.
Two patients had transient hemiparesis.
No statistical significance regarding aneurysm size, sex, GCS score, H-H grade, and mRS was observed between the surgical clipping and endovascular coil groups ( The outcome in the current series was comparable to that reported in the published data. The results did not show a statistically significant difference when compared with the coil embolization group (Table 2) .
Endovascular treatment
Because of the complex anatomy around the aneurysms and the characteristic risks associated with microsurgery, endovascular techniques have been popularized for treatment of paraclinoid ICA aneurysms. In a previous study, transient morbidity ranged from 0% to 4.8%, and permanent morbidity ranged from 0% to 3.5%. 11)21)23)35) In the current study, most patients had good outcomes (97% with grades 0 to 2 of the mRS). However, for large or giant paraclinoid ICA aneurysms, dense coiling is difficult to achieve and can result in recanalization of the aneurysm.
Aneurysm size larger than 10 mm is a significant predictor of recurrence, and, therefore, long-term angiographic follow-up is mandatory. of patients with ruptured aneurysms and hydrocephalus in 4.8%. 5) In this literature, routine opening of the lamina terminalis in aneurysm surgery might be attributed in part to the relatively low incidence of hydrocephalus. 5) In the current study, vasospasm (17%) and hydrocephalus (20%) were observed only in the clipping group. A statistically significant difference was observed between the clipping and coiling groups, however, it was believed to result from the discrepancy in the number of patients with aneurysm rupture in each group. In the clipping group, 11 of the 30 patients had ruptured aneurysms, but only one of 31 patients in the coiling group had a ruptured aneurysm.
In this study, the clinical outcomes of microsurgical clipping for large or giant paraclinoid ICA aneurysms were favorable. Therefore, microsurgical clipping can be considered as the first-line treatment option in the case of large and/or broad-neck paraclinoid ICA aneurysms. 
Limitations and future perspectives
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